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Abstract 
In recent years, With the high-speed development of electronic computer technology, optic-electronical technique and 
image processing technology, Electronic Speckle Pattern Interferometry ( ESPI for short ) has become one of the 
most practical worthy techniques for speckle measuring methods. There are lots of advantages about it, such as 
uncomplicated operation, noncontacting, advanced automatic level, measurement on-line and extensive using. In this 
thesis, the physical quantity which directly reflects the situation of thermal deformation for the aluminum material 
can be obtained by using this method. Thus we can come to a conclusion that electronic speckle pattern 
interferometry is a new measuring method for extracting small-signal. It provides a powerfully theoretical and 
experimental platform for the study of automated, full-field and nondestructive measurement ( NDE for short ). 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
Keywords: electronic speckle; interferometry; image processing; extracting small-signal; nondestructive measurement 
1.Introduction 
There is a lot of dynamic deformation fields in the actual engineering, such as thermal deformations, 
creep deformations, vibrations and crack propagations. If take the welding deformation of metallic 
material for instance, then we can consider the welding process of metallic material to be a process of 
localized heating and cooling. When the metallic material is heated, it will be expansion. And while 
cooled or solidified, it may be contraction. Because these processes of expansion and contraction are 
going on with complicated local strain, therefore, those complex stress and deformation are produced on 
the welding positions.  Classical deformeter is required to be come into contact with the surface of 
specimen material exists many disadvantages, especially for measuring hyperthermia deformations of 
metallic materials are difficult to implement.[1] 
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Along with the progress of science, technology and  industry, the requirements of high accuracy 
measurement  for dynamic movements or deformations are urgent, particularly, a new style non-contact 
deformeter of high deformation distinguishability, wide dynamic region area and can be bore with the 
sample itself of electromagnetic radiation and thermal radiation for measuring on line is to be needed. A 
new method of measurement on-line called Electronic Speckle Pattern Interferometry ( ESPI for short ) 
can be obtained by discussing these processes of thermal deformations for the aluminum material in this 
article.
2.Measurement  principle of ESPI 
Electronic Speckle Pattern Interferometry mainly adopts the method of image subtraction. [2] 
If we suppose that the signal of optical intensity received on the Charge Coupled Device (CCD for 
short ) camera before deformation is  
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where 11A and 21A are complex amplitudes of object beams and reference beams on the CCD camera, 
)(rW  is window function, wA is the area of window and r is two-dimensional coordinate system founed 
on the plane of the receiver. Generally, )(rW can be expressed as 
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then the reference beams are also not changed after deformation, but the object beams will be 
transformed for two aspects. One is the phasic difference produced by the projecting of the deformation in 
the direction of sensitivity-vector quantity. And the other is a moving displacement in plane of random 
speckle field caused by the deformation.  
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thereby the signal of optical intensity received on the Charge Coupled Device (CCD for short ) 
camera after the deformation is given by 
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so that we can rewrite Eq.(1) and (4) as 
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After the processing of image subtraction, we can also obtain the speckle field. 
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Because of a random process, we will consider the ensemble average as 
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the relation simplifies to  
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in which K is beam intensity ratio between the object beam and the reference beam, o
I
 is the 
average of optical intensity for reflected light of object plane and P is a correlation coefficient. 
The above expression indicates that an average of beam intensity for this ensemble will be 
represented cosinusoidal intensity distribution for interference or correlation fringe. [3] 
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Obviously, the contrast of fringes may be defined as 
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3.Design of measuring device 
According to those principles, we can design the system for measurement, shown in Figure 1. 

Figure 1. The map of measuring device  
1: He-Ne laser; 2,5: plane mirror; 3: extender lens( f=4.5mm ); 4: spectroscope( the ratio between transmissivity and reflectivity is 
6:4 ); 6: imaging lens ( f=70mm ); 7: CCD camera; 8: the computer; 9: the measured sample; 10: the thermal loading equipment of
the measured sample. 
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During the experiment, we can make use of  thermal loading equipment of the measured sample 10 
to heat the measured sample 9, at the meantime, the heating process of the measured sample is observed 
by using the setup of speckle pattern interferometry. The thermal transmittance will form the temperature 
contrast on the surface of the sample and lead to generate thermal deformation, the deformation must be 
recorded by interferometric fringes, in this way, the need of nondestructive measurement on-line is come 
true.
4 Experimental details 
The object preparing for our simulation experiment is the aluminum material with 60mm length, 
60mm width and 15 thickness. There are three heating filaments in it, the surface temperature will be 
controlled by changing the voltage of these heating filaments. 
We select the variation range of surface temperature from 19 Celsius degrees to 80 Celsius degrees 
and obtain these image pictures for interference fringes nearby the surface of the sample under the 
different temperature, presented in Figure 2 to Figure 7. 
Figure 2. Interferogram image for 19                    Figure 3. Interferogram image for 50                    Figure 4. Interferogram 
image for 80Celsius degrees(unheated)                            Celsius degrees(heated)                              Celsius degrees(heated) 
Figure 5. Interferogram image for 60                   Figure 6. Interferogram image for 40                    Figure 7. Interferogram 
image for 20Celsius degrees(cooled)                                Celsius degrees(cooled)                                      Celsius degrees(cooled) 
We observe thses pictures from Fig.2 to Fig.4, and   find the fowlling phenomena. In the heating 
process, the quantities of interference fringes are increased with the rising temperature, the distance of 
frings are more and more narrow, therefore the thermal deformation is becoming more tremendous. And 
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in the natural-cooling process, shown in Fig.5 to Fig.7, we can clearly see the quantities of interference 
fringes are decreased with the falling temperature, the distance of frings are more and more width. Those 
phenomena means that the quantity of information is varied with the interference fringes, the more 
interference fringes, the more information quantity; the less interference fringes, the less information 
quantity.
These may tell us the variety of speckle pattern reflects the transmission for information 
quantity of deformation, and prove that the aluminum metallic material can conduct thermal. 
These experimental findings are shown in Table 1 and Table 2. 
Table 1. Resulting data of heating experiment 
Times Temperature 
(Celsius degree) 
Distance of frings 
(mm) 
1 19 2.48 
2 30 1.73 
3 35 1.54 
4 40 1.19 
5 45 0.96 
6 50 0.87 
7 55 0.81 
8 60 0.75 
9 65 0.64 
10 70 0.52 
11 75 0.45 
12 80 0.43 
Table 2. Resulting data of cooling experiment 
Times Temperature 
(Celsius degree) 
Distance of frings 
(mm) 
1 75 0.92 
2 70 1.31 
3 65 1.53 
4 60 1.65 
5 55 1.72 
6 50 1.91 
7 45 1.99 
8 40 2.17 
9 35 2.24 
10 30 2.38 
11 20 2.46 
5.Results and discussion 
In response to those experimental findings from Table 1 and Table 2, the relation curve between 
distance of frings and temperature ( D-T curve for short ) is drawn in Figure 8 and Figure 9. 
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Figure 8. D-T curve for heating
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Figure 9. D-T curve for cooling

From the two curvilinear figures, we will gain the proof that distance of frings are changed by the 
thermal deformation of aluminum material. In Figure 8, the whole curve is descending with rising 
temperature. The reason analysed may be the object could be expansion while heated, leads to 
deformation, those must cause  the optical path difference increasing with the interference fringes 
becoming more and more. In Figure 9, when the temperature gradually cooled, the integer curve will be 
ascending. This phenomenon is caused by reason of the contraction of aluminum material in natural 
cooling, induces the optical path difference decreasing, and make the interference fringes varying. We can 
thus regard the distance of frings as the physical quantity which directly reflects the situations of thermal 
deformations for the aluminum material. 
Moreover, the slope of curve is being diminution in Fig.9, it notifies the whole process of 
deformation is a deceleration from quick to slow, and that is answered for the rule of natural cooling. 
6.Conclusions 
By above analysis, we can find whether in heating or cooling process, those changing of the 
temperature all lead the metallic sample to deform with transforming  the optical path difference. The
image pictures are collected using CCD camera and these analysis processes are finished by making use 
of a computer, it is quite exactly and effectively.  
So we can come to a conclusion that speckle pattern interferometry is a new method for extracting 
small-signal in the actual engineering. It also provides us a powerfully theoretical and experimental 
platform for the researches of automated, full-field and nondestructive measurement.
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